The purpose of the current study was intended to obtain the enhanced production of bacitracin by Bacillus licheniformis through random mutagenesis and optimization of various parameters. Several isolates of 
INTRODUCTION
Bacitracin (C 66 H 103 N 17 0 16 S) is metal dependent branched cyclic polypeptides (molecular weight 1470 daltons) produced by Bacillus licheniformis and Bacillus subtilis (3, 20, 29) . It is synthesized non-ribosomally by the large multienzyme complex BacABC (24) . Bacitracin is directed primarily against gram-positive bacteria via inhibition of cell wall (5, 28) .
Bacitracin consists of a mixture of structurally similar polypeptides from 12 amino acids (22) . It is most commonly used in complex with zinc that seems to stabilize the antibiotic complex (18) . It is poorly absorbed from gastrointestinal tract as well as from skin and nucosal surfaces (11) . American girl, Margaret Tracey, from whose wounds the Bacillus was isolated (21) . It is one of the most important antibiotics used in human medicine, topical application and used after surgical operations (23, 28) . Bacitracin is also commonly used in animal and poultry feed additives which increases feed efficiency and reduce infectious diseases (14, 34) . Despite its widespread use, bacitracin resistance is still scarce. It has also been reported that bacitracin has no negative impact on human health.
Many scientists had improved the bacitracin yields of

Bacillus licheniformis by treating its vegetative cells with UV and chemical mutagens. Vegetative cells of Bacillus
licheniformis SIPI 86-10 were treated with UV irradiation and then cultured on medium containing Fe +2 ions and pantothenic acid (26) . Apart from bacitracin production, mutagens were used to enhance the production of Penicillin G, Phenyl-LAlanine and Actinomycin-D (19, 35, 39) . Some workers treated Bacillus licheniformis cells with 0.5 M ethyl methanesulphonate for three hours and cultured in a medium containing soybean meal, sucrose and mineral salts (27, 31) . In another study vegetative cells of Bacillus licheniformis were exposed with N-methyl-N'-nitro-N-nitrosoguanidine by which bacitracin production was drastically increased (26) . Better yield of bacitracin was obtained by treatment of cells with MNNG and suggested that blocking of alternative pathways of intermediates could increase the bacitracin production (9).
Due to wide spread use of bacitracin, it is necessary to find out ways and measures to reduce the cost of this product.
To achieve this, our focus was to utilize random mutagenesis using physical (UV) and chemicals (MNNG and HNO 2 ) to induce positive mutations in microbial DNA for enhanced production of bacitracin. By use of mutagens we have developed the hyper producing bacitracin strain Bacillus licheniformis UV-MN-HN-6. Appropriate fermentation technology and optimization of adequate control of fermentation processes was exploited to further enhance the yield of bacitracin. Biosynthesis of bacitracin was first reported by surface culture method (12) . Effect of temperature (14) , effect of pH (2), effect of organic acids (17) , and effect of nitrogen and carbon sources (6) has been studied on the bacitracin production. Application of these parameters could increase the bacitracin production and could further minimize the product costs and allowed the small microbial factories to yield higher titers of bacitracin.
The present work was undertaken to develop Bacillus licheniformis mutant strain for the production of antibiotic bacitracin by utilizing physical and chemical mutagenesis.
Following mutagenesis, various parameters for optimum production of bacitracin was also studied.
MATERIALS AND METHODS
Bacillus licheniformis strain
The cultures of Bacillus licheniformis were obtained from culture collection of Institute of Industrial Biotechnology, GC University, Lahore, that were previously isolated from poultry droppings collected from local habitat.
Strain improvement by mutations
In this study physical (UV) and chemical (MNNG and HNO 2 ) mutagens were employed in systematic manner to obtain mutants that yield higher bacitracin production. Figure 1 .
Inoculum preparation
The inoculum was developed in 250 ml conical flask containing 25 ml medium having composition (g L 
Effect of organic acids and phosphate sources
Effect of temperature and pH
The effect of different incubation temperatures (28, 30, 32, 35, 37, 40, 42 , 45 and 47°C) and various initial pH (4, 5, 6, 7, 8, 9 , and 10) on production of bacitracin was also examined.
Antibiotic Assay
The activity of the extracts was analyzed by agar diffusion method (40) . LB agar medium was autoclaved and 20 ml of the medium was poured aseptically in the sterile petri plates and allowed to congeal. In the mean while, sterilized LB agar medium (assay medium) having 50-60°C temperature was 
Kinetic Studies
Kinetic parameters for batch fermentation experiments were determined according to the methods described by Pirt 
RESULTS
Bacillus licheniformis strains
Bacillus licheniformis designated as GP-35 was previously isolated from poultry droppings. The bacitracin activity of this strain was determined by measuring the zone of inhibition of
Micrococcus luteus that came out to be 14±0.72 IU/ml. for mutant strain designated as GP-UV-11 (Table 1) . 
Nitrous acid
The parent strain B. licheniformis GP-35 was also subjected to nitrous acid (HNO 2 ) for 2-60 minutes. The survival colonies were tested for bacitracin production. Out of 331 mutant strains only 36 (10.8%) colonies produced higher bacitracin yield than parental strain. Maximum bacitracin (26±0.89 IU ml -1 ) was produced by mutant strain designated as GP-HN-27 (Table 1) .
Combined effect of UV and chemical treatment
The parental strain B. licheniformis GP-35 was also treated with all the three mutagens (UV, MNNG and HHO 2 )
consecutively. Mutant strain GP-UV-11 (26±0.69 IU ml -1 )
obtained after UV treatment ( Figure 1 . The Comparison of wild and mutant strain with respect to cell mass production is shown in Table 2 . 
Stability studies of mutant strain
Overproducing mutant strain B. licheniformis UV-MN-HN-6 obtained by the above systematic screening was studied for its stability for bacitracin production for a period of 6 months (15 generations). Mutant strain was inoculated on LB agar after fermentation and used for inoculating next batch.
The mutant strain was found to be very stable in terms of bacitracin production (Table 3) . 
Optimization of fermentation parameters
Various parameters were optimized during this study to obtain better bacitracin production.
Effect of organic acids and phosphate sources:
Maximum bacitracin production for mutant and wild strain was obtained as 47±1.06 IU/ml and 20±0.48 IU ml -1 respectively after addition of citric acid at concentration of 1.0 gL -1 ( Figure Production of bacitracin (Figure 2 B) . licheniformis GP-35 in shake flask at 37°C after 48 hours of incubation.
DISCUSSION
The present work was about the explanation of the mutant strain of Bacillus licheniformis that produced hyper production of bacitracin and optimization of various fermentation parameters.
Bacitracin is mainly produced by Bacillus licheniformis (13, 30) .
We used locally isolated strain of Bacillus licheniformis to obtain mutants that can produce high titers of bacitracin. In the strategy Production of bacitracin by B. licheniforms (Table 2 ). This result indicates that the enhancement of antibiotic production by the mutant strain is not due to increase in growth but due to the enhancement in production of the antibiotic. It was also observed that this mutant was highly stable upto 15 generations tested in a time period of about 6 months. It might be due to permanent change in DNA sequence caused by MNNG and HNO 2 or might be due to stabilization of pre-induced UV mutation by these mutagens ( for mutant strain was also studied earlier by various workers (4, 38) .
Optimization of various parameters also increased the bacitracin production. Organic acids play an important role in the bacitracin production. Addition of lactic acid in the medium to pH optimization were obtained in the previous study (15) .
